The double-S curvature of the human spine underlies a wide range of variations. This individual characteristic depends on the constitution and is built in the course of life by daily stress. Is the spine subjected to high stress, degenerative damages may be the consequences. For a better knowledge about these damages the relationship between spine curvature and distribution of the load is of interest. In order to determine the stress of the internal structures an appropriate method is computer modeling. We present two Multi Body System-(MBS-) models of the lumbar spine with different spinal curvatures. To simulate the upright standing with both models an external force of 500N, which corresponds to the weight of the upper body, is applied to the top surface of vertebra L1. For both models, the forces in the intervertebral discs, facet joints and ligaments are calculated and the effects of the different spinal curvature are shown comparatively. In both models the mechanical properties of intervertebral discs, facet joints and ligaments are implemented. The models are validated by comparing the calculated kinematic values with finite element modeling data and in vivo studies from literature.
Introduction
The double-S shape of the human spine is subject to a wide range of variations. Due to constitutional forms and everyday strains, an individual characteristic curvature of the spine is developed in the course of life. If the spine is exposed to continuous or high loads, degenerative damage in the spinal structures can be the result. For a better understanding of such injuries the knowledge about the relationship between curvature of the spine and level of exposure is of special interest. To obtain such findings, it is possible to determine the stress experimentally in vitro or in vivo. A modern method to determine the stress is computer modeling. A computer model serves as a suitable device for the calculation of the transmitted forces and torques in internal structures. To investigate the effect of different spinal curvatures on the stress distribution in the internal structures of the spine two models of the lumbar spine with different spinal curvatures were created.
Method
The surfaces of both MBS-models are based on CT data of casts of human lumbar vertebrae. The positioning of the vertebral bodies of the first model (model A) follows the criterion that the endplates of the corresponding vertebral bodies superimpose in lateral direction and in sagittal direction. A further criterion is that the tilt angle of L3 is zero. Furthermore, the articular surfaces of the facets are oriented in such a way that the function of the joint is ensured. For the alignment of the vertebrae in the second MBS-model (model B) a radiograph was performed that was taken during an upright standing position. By the means of this X-ray image a characteristic "guideline" of an individual spine was determined. This guideline was used as a criterion for the construction of a second suitable adapted MBS-model of the spine (Fig. 1) . With the help of these two different methods for alignment of the vertebrae we obtain two MBS models of the spine, which differ in their curvature. The MBS model B, which alignment of the vertebral bodies bases on the guideline has a lordosis angle of 46° degrees. The model A constructed of morphological characteristics has got a lordosis angle of 30° (Fig. 2 ).
Mechanical behavior of the spinal elements
In both models the mechanical properties of intervertebral discs, facet joints, and ligaments are implemented.
The intervertebral discs are realized as elastic elements between the corresponding vertebral bodies. The mechanical behavior of force, deformation and deformation velocity is described by the relation The mechanical behavior during intersegmental rotations is implemented by characteristic curves for each direction. They are calculated following the results of experimental measurements of isolated postmortem disc material [1] . In Fig. 3 the characteristic curves of the disc L3-L2 during flexion and extension, lateral bending, and axial rotation are shown. The biomechanical properties of the ligaments are represented in the models by force-deformation relation (Fig.  4) . These characteristics are taken from literature [2] . Fig. 4 Characteristic curves of the ligaments [2] Other structures in the model that are taken into account are the facet joints. The articular surfaces of these joints are implemented as 3D contact modeling.
Results
To simulate the effects of an external force in the structures of the lumbar spine, an external force in the range of the weight of the upper body (G = 500 N) is applied in vertical direction on top of the surface of the vertebra L1. In both models this force causes small movements and the different structures in the models are out of balance, until a new equilibrium state is reached. During this process the intervertebral discs are deformed and produce reaction forces. Fig. 5 and Fig. 6 show the disc force curves as results of the calculation with model A and model B. Both force curves of the discs show nearly the same behavior, but their maximum values differ considerably, especially in the functional unit Sac-L5. In the region of the lumbar vertebrae L5 and os sacrum the reaction-force in model B is more than twice as high as in the same functional spine unit of model A (Fig. 7) . Whereas all intervertebral discs of model B perform pure flexions, in model A the intervertebral disc between the vertebrae L2-L1 rotates in dorsal direction (Fig. 8) .
Fig. 8 Intervertebral rotations of models A and model B
This movement affects the loading of ligamentous structures in the dorsal region. In the lowest functional spine unit Sac-L5 the course of ligament force curves are nearly the same in both models. But the load in the posterior longitudinal ligament (PLL) in model B is more than twice as high comparing to the same ligament in model A (Fig. 9 and Fig. 10 ). The following bar chart shows the forces of the facet joints of the different functional units of both models in comparison. 
Conclusion
Computer modeling is an appropriate method for calculating the distribution of load in the internal structures of individual spine curvatures comparatively. But at the same time the results of this investigation show, that statements can only be made within the modeled accuracy. 
